19] Eid trackpy FESCIIRIFIBER N R IER
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credit by G5k, KIEE

(python verion 3.9.13 numpy version 1.21.5 numpy version 1.4.4 matplotlib
version 3.5.2 tackpy version 0.6.2)

trac *p%/ B IEARFEE Python E, AE6% 7’3‘@3’\]5@)@*&?
UL Xﬂ%lu?m BV B R T H O

LU 4aal ﬂﬁﬁtrackggiﬁ*ﬂﬁ*?ﬂ?%ﬁ%ﬁﬂﬂﬁ% TRIfHERIE
SIHNELEI S TR F 1B AR KRS R

X TFHEZIRERSGEA LS E trackpyRIE M:http://soft-
matter.github.io/trackpy/dev/index.html

Trackpy: Fast, Flexible Particle-Tracking
Toolkit

s@a

ATLUESE T TR S trackpy &
# ! pip install trackpy==0.6.2

import trackpy as tp #5 A trackpy

#3 N0 BL B A R

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt
import os

from PIL import Image

#limatplotLibRe % 1E & &7~ H SCFl 47 5
plt.rcParams['font.family'] = 'SimHei'
plt.rcParams['axes.unicode_minus'] = False

ZxE R fmSiEElexample T=18.1C AR THIE A FESS
HrAKE @#uwamﬁmr EiFtframesH

cd=os.getcwd()
image_folder="example_ T=18.1C°\\"



In [ ]:

Out[ ]:

In [ ]:

image_paths=os.listdir(image_folder) #3KHt [ /i i1 %1%

image_paths_id=[[image_path,int(image_path[6:-4:])] for image_path in image_path
image_paths_sorted=(np.array(sorted(image_paths_id,key=lambda x:x[1])))[:,0] #}

#EE U A

frames=[ ]

for fp in image_paths_sorted:
image = Image.open(image_folder+fp)
gray_image = image.convert("L") # %t iK% K
frames.append(np.array(gray_image))#VL ¥ 40 & 3047 N frames

image.close()
gray_image.close()# J<ME %

Fimatplotlib.pyplot.imshowR~EH—KE

i=0
plt.imshow(frames[i], cmap="gray") #cmap="gray "%~ LA FE K &/~

<matplotlib.image.AxesImage at Ox1bd@beebf40>
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RERMERIOIKENSNERGERBMR TN LS trackoyBRKRTHZa74

micron_per_pixel = 0.098
feature_diameter = 3.3 # um
radius = int(np.round(feature_diameter/2.0/micron_per_pixel))
if radius % 2 == O:
radius += 1
print('Using a radius of {:d} px'.format(radius))



Using a radius of 17 px

XELGHTXT3.3umiihl, EFROIPTMER

RIS RIAR FRFEXT F5 100, Atrackpy.locateFREURBIE R FRIRHER

(CEEIZREORBIREEXT FIEER RIS, AE Ll hs N e iR Einvert 24049
TruelFE R f24%)

i=0e

inv=False
f1 = tp.locate(frames[i],radius,invert=inv)
f1 #ik Al dataframest %, ALK TARFR, SR (mass), = BRI 1F size), 0 3 (ecc)

1275
1276
1277
1278
1279

y

19.994681
21.060523
20.404537
21.494253
26.368217

935.116059
933.623552
936.966981
937.618128
941.975155

X
486.884752
626.522696
951.950851

50.440066
753.550388

79.260459
207.370656
666.613208
153.338782
818.041925

1280 rows x 8 columns

4

mass
198.965406
256.467819
186.618262
214.840305
182.032180

261.406677
182.737731
149.576830
237.417940
227.187449

size
4.047151
5.010855
3.731286
4.885050
5.246631

4.614271
4.841304
5.600708
5.186134
5.048369

ecc signal

0.192277 5.644409
0.373769 4.586082
0.168896 4.586082
0.211548 4.233307
0.148232 3.527755
0.168380 5.291633
0.410487 3.174980
0.172334 3.527755
0.086442 3.527755

0.125480 3.174980

raw_mass

30435.0
30959.0
29950.0
28899.0
31199.0

28258.0
27668.0
26186.0
27871.0
24911.0

Fitp.annotatefEElRHRHEHER, AJLABZRRY Birsthsh, RBIE TS ERaTE:
fE, fEAITRER AN SEIEE, SKir EARRF

style

= {'markersize':radius,

tp.annotate(fl, frames[i])

‘markeredgewidth': 2,

'markeredgecolor':

T

, '‘mar
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<Axes: >
BFZHEIURSESLN FHIERN 7. REelEEREER=E ("mass") .
LHEHIEENS T, TLEEISE1000LA EEER>, EiE(1igStp.locateth
minmass&2{731000

hist=plt.hist(f1['mass'], bins=200)
plt.ylim(e,10)

(0.0, 10.0)
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In [ ]: minm=1000
inv=False
sep=2*radius+1
f1 = tp.locate(frames[i],radius,invert=inv,minmass=minm, separation=sep)
#separationd /s WA FFAE 2 1A B /N ARG, ¥ B L N 2% radius+1 AT LLA RGBS 1B R — AN id =k
style = {'markersize':radius, 'markeredgewidth': 2, 'markeredgecolor': 'r', ‘'mar
tp.annotate(fl, frames[i],plot_style=style)
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<Axes:

PAEBAI5ER T X —3KE A PRYRIFRA], EERTLUREE CEEFrIS4ERtp.batch

>

XIETEE R A TIRE]

f = tp.batch(frames, radius,invert=inv,minmass=minm, separation=sep)

Frame 998: 9 features

F65 [ T 45 — I (0 0 T fr B

A W N

8846
8847
8848
8849
8850

y
162.997827

213.552719
222.891149
475.366260
610.978707

459.435592
519.096001
592.314903
676.877453
870.145547

X
1098.703420
891.730582
346.425554
467.939180
741.986096

541.444593
1120.672313
454.568663
285.807732
17.614239

8851 rows x 9 columns

4

mass
3733.776339
4573.734905
8167.106579
4999.887760
3628.296452

8851.216413
6449.796962

10307.291403
11415.123105
12231.503178

size
4913923
4.810252
4.585167
4.740340
4.775138

5121719
4.676492
5.092340
5.107286
4.986692

BRlE—mpRI &S, Rtp.link(REEREZMANIT

ecc
0.070297
0.059248
0.134541
0.094783
0.065530

0.082100
0.176367
0.064848
0.054417
0.032295

Hrhsearch_range2#(ZF& BRI BIE— M FERARIBEIIES

memoryZRxd FERIANEIZ, dNmemory =2, MK FEER MG A EIA B NS

WHER—HF, JURTERFFIREFESTAEWEREIER

t = tp.link(f,search_range=8*radius, memory=0)

Frame 998: 9 trajectories present.

signal
34.572003
42.685841
89.957763
49.388576
33.866452

73.355891
67.834479
83.609940
93.469603
100.568560

t#IX R 5 KL B, ViR I framellil P51, Hdparticled | R WL K P 5

raw

2
2

3!



y X mass size ecc signal
0 162.997827 1098.703420 3733.776339 4913923 0.070297 34.572003
1 213.552719 891.730582 4573.734905 4.810252 0.059248 42.685841
2 222891149 346.425554 8167.106579 4.585167 0.134541 89.957763
3 475366260 467.939180 4999.887760 4.740340 0.094783 49.388576
4 610.978707 741986096 3628.296452 4.775138 0.065530 33.866452
8845 280.033111 190.618070 11851.314584 5.147579 0.011437 94.652762
8846 459435592 541.444593 8851.216413 5.121719 0.082100 73.355891
8847 519.096001 1120.672313 6449.796962 4.676492 0.176367 67.834479
8848 1592.314903 454.568663 10307.291403 5.092340 0.064848 83.609940
8850 870.145547 17.614239 12231.503178 4.986692 0.032295 100.568560
8851 rows x 10 columns
Fitp.plot_trajRlLAB#E4 I F 412k
tp.plot_traj(t)
U -
T
A
Sy
T
1200

x [px]

<Axes: xlabel="'x [px]', ylabel='y [px]'>

t1 =

raw

1

2
2

tp.filter_stubs(t,10) #K &5 MR F AT REAN A &, W] LAH tp. filter stubsif il



# Compare the number of particles in the unfiltered and filtered data.
print('Before:', t['particle'].nunique())
print('After:', t1['particle'].nunique())

Before: 62
After: 24

HATERAETIRINTREFERINR), A FNTFEREEEARE

d = tp.compute_drift(tl) #tp.compute driftil 8133k 17X ER%
d.plot()

plt.title("x,yJs [F-FEjE#E")

plt.ylabel("y/px")
plt.show()#Z ik fF

x, yF R EIEFE

=100 1

v/ px

=200

=300 1

tm = tp.subtract_drift(tl.copy(), d)
#RERBRERIED G, AT REH L. RATHE 2R I BEHLE D .

ax = tp.plot_traj(tm)

plt.show()
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trackpyf@fit T BT B REMITRIEYE S (uRz, B
MSD(Mean Square Displacement) 8254055 MSDRY
BRZimsd,emsd

imsd(traj, mpp, fps, max_lagtime=100, statistic="msd’,
pos_columns=None):

imsd R STHEEEHTHTIFS(F
ST BT, Hi:
pw:MSDwAﬂ:<rwAﬂ—rmy>:]Wleﬁjwﬁi—mV

HepNJPHIRRIKE, KRR, At79tR8E FREREER
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Hrptraj i t—2 B 1BRIRE SHAIDateFrame

MMpREBAHGERIIKE, EARGIFmmp=micron_per pixel=0.098um
fps/otRiEmi=e, XE71/s

max_lagtimeSEIT BRI ARIGERAE), BIAF10000, AJLUSHIREN—MRAR
B, BLARSHERHNTIFAIRIKETE

statistic/REEITENYIEZE, BUARIAmMsd, BalLUgE R msd’, <x> ",'<y>
"xA2>" ey A2t

pos_columns It FUEEHEEDateFrame IR, WNFR{RERtrackpylBEMSZEIRIHN
i, BRABEREEREGAMEX, 'y 1R

BEERIEF A= 5 CLmsdagit &

TEXTFAEIEIBTEIHI, trackpy RiEid & 9= HEE N R A T (E34E
O(nlogn))

FIEW:https://stackoverflow.com/questions/34222272/computing-mean-square-
displacement-using-python-and-fft

V. Calandrini,E. Pellegrini,nMoldyn - Interfacing spectroscopic experiments,
molecular dynamics simulations and models for time correlation
functions.https://doi.org/10.1051/sfn/201112010

fps=1 #1/s

im=tp.imsd(tm.reset_index(drop=True),micron_per_pixel,fps,max_lagtime=1000)
im



lag
time
[s]
1.0
2.0
3.0
4.0

5.0

994.0
995.0
996.0
997.0
998.0

0.292961
0.599310
0.898890
1.213790
1.518240

120.491509
118.249058
114.787886
111.318483
111.822323

0.321070
0.683300
1.047820
1.411972
1.772681

637.885317
639.210735
635.489502
635.164907
633.614749

998 rows x 24 columns

4

0.288798
0.585055
0.860649
1.150468
1.429537

NaN
NaN
NaN
NaN
NaN

0.292882
0.600883
0.909136
1.207731
1.520787

408.877565
417.092732
419.295246
419.804993
426.618399

0.282114
0.582712
0.891030
1.199031
1.505659

111.070077
113.003212
110.958581
112.980896
115.060857

emsd(traj, mpp, fps, max_lagtime=100, detail=False,
pos_columns=None)

0.294387
0.623116
0.933761
1.250175
1.593321

191.761270
192.086953
190.111323
192.345420
192.719194

emsdiREIFNAFFEHITAIFMsd, SERIHASimsdiBE Eddetail 25EREN
True, MERFIMsdINESIREI-LHEEE

em=tp.emsd(tm,micron_per_pixel,fps,max_lagtime=1000,detail=True)

#47 IR A Ui B pandas iR A TE 2. VL 5, VEAE B ok T3 58 DL SO [ 355 1) et K it vk 7 %€ ]

em

0.32
0.69:
1.09
1.44!
1.76



frame

-t

994

995

9296

997

998

<X>

-2.214069e-
17

3.475240e-04

6.402885e-04

6.273510e-04

5.438132e-04

4.671618e+00

4.621239e+00

4.495094e+00

4.349180e+00

4.237967e+00

998 rows x 7 columns

4

lagt/3EIRATE], NABEMEHES

X TFH SR

|

PSR, k/9gERNIE)

6k(No—
(4(No—k)k2+2(Ny—k)+k—k3) ’

k)?

<y> <x/\2>
-1.224370e- 4 4coe
18
-1.887452¢-
oq 0292924
-3.460451e-
oq 0442991
-4.170217e-
o4 0588998
-7.501159-
oq 0736231
-4.58412Te- 034050,
01
-5.289331e- (( cooccg
01
-5.687176€- 320159
01
-5.867879%¢- o1 579476
01
-6.562909e- ¢4 132323
01
k> Ny/2

<y/r2>

0.146208

0.305242

0.463306

0.622973

0.778765

226.668923

229.320979

230.346879

233.043464

235.934781

msd

0.291224

0.598166

0.906297

1.211971

1.514996

294.017148

295.928538

294.128508

294.322940

295.967104

8705.000000
5792.711636
4107.992130
3147.438063

2540.732366

5.016128
5.012582
5.008934
5.005018

5.000000

(No A3

[1+ [(No — k)3 — 4(Ng — k)?k + 4k — Ny + k)] 71, k < Ny /2

TEEEAN, NFRAN-k, XEBTERSREEaAET, Bko 18,
(r(kAt) — r(0))HEFRIRSL, HEREIRRNFNK
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#8453 (r(k At)-r(0)) " 2B HFERS
MNTFAERKERBIE, HEERIRRFMITERAZLAL N ER>ATIN Y

AprApy,

ItEsh, EEMSDRIERIREAVEREE st = ]{,,EEIL){%EJJWI‘]%JEFE?%EUE’\J%H‘%E’\J

Bt

DA #mES I 32Ek:Qian, Hong, Michael P. Sheetz, and Elliot L. Elson. "Single
particle tracking. Analysis of diffusion and flow in two-dimensional
systems."Biophysical journal 60.4 (1991): 910.5aYAppendix B

HJLIEE, emsdEfERAIERERIRIFIIFAIZNE, MEHRRERER, BXEUENT
b, BHERELE

plt.figure(figsize=[14,6])
plt.subplot(121)
plt.scatter(em["lagt"],em["msd"],s=1)
plt.ylabel(r"$<\Delta r~2>/\mu m~2%$")
plt.xlabel(r"fLiRff[H] /s™)
plt.subplot(122)
plt.scatter(em["lagt"],em["N"],s=1)
plt.ylabel(r"$N$")

plt.xlabel ("#EiEHT[H]/s™)

Text(0.5, @, '#EIRMf[A]/s")
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plt.scatter(em["lagt"],1/np.sqrt(em["N"]),s=1) #HH X} b Z /) A B2 (M 2 T 038 14 50%
plt.ylabel ("AH XM % KR EE ")
plt.xlabel(r"fEIRIF 8] /s™)

plt.show()
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HATANEIRE < 10%HIEFRE IS AR FHRENZIEUS

maxlagt=np.count_nonzero(1/np.sqrt(em["N"])<0.1)
print(f"maxlagtime={maxlagt}")
plt.scatter(em["lagt"].iloc[@:maxlagt],em["msd"].iloc[@:maxlagt],s=4)
plt.ylabel(r"$<\Delta r~2>/\mu m*2%$")

plt.xlabel(r"ZEiR K} [H /s™)

plt.show()

#7] DU B 0 BOOR 15 BT 41 5K R

maxlagtime=109
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< Ar? > fum?

1{] H "

0 20 40 &0 80 100
HEIRE[E)/s

x=em["lagt"].iloc[@:maxlagt]

y=em["msd"].iloc[@:maxlagt]

errors=1/np.sqrt(em["N"].iloc[@:maxlagt])

coefficients, covariance = np.polyfit(x, y, 1, w=1/errors, cov=True) #LL1/HX}

# RGN G S HM iR =

slope = coefficients[9]

intercept = coefficients[1]

slope_error = np.sqrt(covariance[0, 0])
intercept_error = np.sqrt(covariance[1l, 1])

# 2 B
plt.scatter(x, y,s=3)
plt.errorbar(x, y, yerr=y*errors, fmt='o', markersize=2,ecolor="gray', capsize=¢€

#2221l 0L & 26

plt.plot(x, slope * x + intercept,c="r")
plt.ylabel(r"$<\Delta r~2>/\mu m"2$")
plt.xlabel (r"ZEiR I [H]/s")

plt.show()
print(f"slope={slope},intercept={intercept},slope_error={slope_error},intercept_



13 1

< Ar? > jum?

10

0 20 40 &0 80 100
IEIRE ]/ s

slope=0.29752437089942946, intercept=0.07012760457269684,slope_error=0.00072175822
02455176,intercept_error=0.024342625124089957

AR IR S
Hrhp R ARERE AR — A x 1070

A=2.414x107(-5) pa-s, B=247.8K,C=140K %4

I8y
14 ¢
-
>
£ 10} .
= L
= 06} e
-
-
- - >
02 ¢
0 20 40 60 80 100

M/ C
B8 FEEZ B E S G 3L =R 518 2,2011,30(11):15-17.

T=20.1#C°

D=slope/4

eta=2.414%10** (-5)*10%*(247.8/(T+273.15-140))
kb=D*10**(-12)*3*np.pi*feature_diameter*10**(-6)*eta/(273.154T)
print(f"kb={kb}J/K")



kb=7.883382678138986e-24]/K

B

AEES, HUEEERERERD = 1.38 x 107 2J/ KBRR/NESIRE, RAA
XERGRED?

RE, XEAHARESR?(ER: HiEredr ATURR ARG SRS R RAYR
o)

A, ARASINOZIER AR BRI BESS Rl NI R R SR E?
BRZIFNEELH1.05g/ cm® (REEAEHEIEAT A I ERE A E1RE?

R AR LA % ?

HEFFISEIEE:

C. K. Choi, C. H. Margraves, and K. D. KihmExamination of near-wall hindered
Brownian diffusion of nanoparticles:Experimental comparison to theories by
Brenner (1961) and Goldman(1967) Phys. Fluids 19, 103305 (2007); doi:
10.1063/1.2798811

J. Goldman, R. G. Cox, and H. Brenner, “Slow viscous motion of a sphere parallel to
a plane—I: Motion through a quiescent fluid,” Chem.Eng. Sci. 22, 637(1967)

H. Brenner, “The slow motion of a sphere through a viscous fluid towards a plane
surface,” Chem. Eng. Sci. 16, 242 (1961).

K. D. Kihm, A. Banerjee, C. K. Choi, and T. Takagi, “Near-wall hindered Brownian
diffusion of nanoparticles examined by three-dimensional ratio-metric total
internal reflection fluorescence microscopy (3D-TIRFM),Exp. Fluids 37, 811 (2004)

BK. YIERAZE. AR LB AFHARM, 2022 362-367 &iFikaihE

B

FRITExX YIS EAMSD EXTHIFRRERID? EELNE MANXERRFIRED? 2
R AEZSER?

RIENESEMD, WIEHRLSUBRSAHESINDH:

p(x, At) = \/47T1DN exp(—x?/4DAt)

def get_dxy(tm,pid,mmp):

yp=np.array((tm[tm["particle" J==pid])["y"])
xp=np.array((tm[tm["particle"]==pid])["x"])
dxp=xp[1:]-xp[:-1]
dyp=yp[1:]-yp[:-1]

return np.array(dxp)*mmp,np.array(dyp)*mmp
def get_allp dxy(tm,mmp):



particle=tm["particle"]

particle_unique=np.unique(particle)

dx=np.array([])

dy=np.array([])

for pid in particle_unique:
dxp,dyp=get_dxy(tm,pid,mmp)
dx=np.hstack([dx,dxp])
dy=np.hstack([dy,dyp])

return dx,dy

dxp,dyp=get_allp_dxy(tm,micron_per_pixel)

#2321l xJ7 18] £ 7% 53 A1 1
plt.figure(figsize=[14,6])
plt.subplot(121)
hx=plt.hist(dxp,100)

sigma=np.sqrt(2*D/fps) #H D73 2| IE4 7 A K sigma

#oz i) IE 7 it 22

x=np.linspace(min(hx[1]),max(hx[1]),1000)
y=1/np.sqrt(2*np.pi)*np.e**(-(x)**2/(2*sigma**2))/sigma
plt.plot(x,y*sum(hx[0])*(hx[1][1]-hx[1][0]),linewidth=4)
plt.xlabel("$\Delta x$"+"$/\mu m$",size=12)
plt.ylabel("count",size=12)

plt.title("$\Delta t$Hf [ xJy AIFLFE 734 ™)
plt.legend(["IEA A HIZ ", "$\Delta t$if[Hy )5 In A 7" ])

plt.subplot(122)

#2224y 7 W AL 7 73 A B
hy=plt.hist(dyp,160)

#Z RS M 4

x=np.linspace(min(hx[1]),max(hx[1]),1000)
y=1/np.sqrt(2*np.pi)*np.e** (- (x)**2/(2*sigma**2))/sigma
plt.title("$\Delta t$if[alyJy a7 §% 43 £ii ")
plt.plot(x,y*sum(hx[@])*(hx[1][1]-hx[1][@]),linewidth=4)
plt.xlabel("$\Delta y$"+"$/\mu m$",size=12)
plt.ylabel("count",size=12)
plt.legend(["IE& A diZE", "$\Delta t$Hf[Hly 7 M ALFE"])
plt.show()



At (Elx A i At [Ely 75 i B

3007 — AL
. AR iEly A

count
count

-1.5 1.0 0.5 0.0 05 10 45 4.0 05 00
Axfum Aylum

=
AEIIE B AR AN 2B R B IES D S AK?
LU GIE S T = eyl =B VL 4= o VA e

# P BOIEAR IR, A T

from scipy.stats import kurtosistest, skewtest
test=dyp #ku i yJ7 Inl .40 17 %

# TSR R G

kurtosis_stat, kurtosis_p_value = kurtosistest(test)
print(f'Kurtosis Test Statistic: {kurtosis_stat}')
print(f'P-value: {kurtosis_p_ value}')

# TS S T

skewness_stat, skewness_p value = skewtest(test)
print(f'Skewness Test Statistic: {skewness_stat}')
print(f'P-value: {skewness_p value}')

#pla >0. 05, O\ NEHE R B EA& S

Kurtosis Test Statistic: 1.2240435079888197
P-value: 0.2209358151073194

Skewness Test Statistic: -0.17295045414157423
P-value: 0.8626903724945251

— ES ST
W At Ely iR

05 1.0 1.5

#11 B x5 10 AL B A =M sum(dx (i+kR)dx (1)), ] LLE B HANER=0FF B 1, HARJLF RNO, Xk

test=dxp
corr = np.correlate(test, test, mode='same') /np.sum(test**2)
plt.plot(range(-len(dxp)//2,1len(dxp)//2),corr)

[<matplotlib.lines.Line2D at ©x1bd5f9ede80>]



1.0 4
0.8~
0.6
0.4 1

0.2

voq e ha

T T T T T
—4000 =2000 0 2000 4000

gNEREERIM ‘Fg ﬁ*ﬁﬁ’g%ﬂ%’ﬁ%ﬁ’gcsvsz#,
] LMERRLATR A %4" LAt G S trackpydy

dataframef&=t,

def imagej2tpy(data):
data.rename(columns={'TRACK_ID':"particle" }, inplace=True)
data.rename(columns={'FRAME':"frame" }, inplace=True)

data.rename(columns={'POSITION_X':"x" }, inplace=True)
data.rename(columns={'POSITION_Y':"y" }, inplace=True)

data=data.drop([0,1,2])

data["frame"]=data["frame"].astype(float)
data["x"]=data["x"].astype(float)
data["y"]=data["y"].astype(float)
data["particle"]=data["particle"].astype(float)
#EE DA A4 TR S B 2R Y

data=data.sort_values(by="'frame")

#E Wi 5 51

return data

data=pd.read_csv("data.csv")

t=imagej2tpy(data)

fps=1

micron_per_pixel=0.098

tp.emsd(t,micron_per pixel,fps,max_lagtime=1000,detail=True)
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995
9296
997
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<X>

-0.019040
-0.038368
-0.057565
-0.077030
-0.096688

-15.981485
-15.997443
-15.951158
-16.043947
-16.178069

<y>

-0.000693
-0.001746
-0.002791
-0.003966
-0.005798

-1.223974
-1.139700
-1.059571
-1.021943
-0.963456

999 rows x 7 columns

4

<xN2>

0.153815
0.313650
0.473101
0.630292
0.789397

350.328649
348.280344
345.245609
346.324518
351.017382

<y/r2>

0.160285
0.321682
0.479993
0.637105
0.789244

122.845797
122.628184
120.026428
119.563738
119.457090

msd

0.314101
0.635332
0.953095
1.267397
1.578641

473.174446
470.908528
465.272037
465.888256
470.474472

21561.550087
14327.834809
10145.681529
7765.946525
6263.875395

9.029002
9.022624
9.016065
9.009023
9.000000
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